This study aimed to investigate whether plasma homocysteine levels were associated with carotid-femoral pulse wave velocity (cfPWV), a golden standard of arterial stiffness, in a population from southern China. A crosssectional study was conducted on 713 patients admitted to the First Affiliated Hospital of Fujian Medical University from February 2016 to August 2017. They were divided into four groups based on gender-specific quartile of homocysteine levels. Age, cfPWV, uric acid levels, and percentage of hypertension increased with ascending quartiles. The duration of hypertension and systolic blood pressure were higher in the highest quartile than in the lowest quartile. Pearson's correlation analysis and multivariate regression showed a correlation of homocysteine levels with cfPWV. A nearly twofold increased risk of cfPWV ≥10 m/s was observed in the highest quartile compared with the lowest quartile (in the highest quartile: odds ratio = 2.917, 95% confidence interval: 1.635-5.202, P < 0.001). After stratification, this correlation was present in both sexes, in patients aged over 65 years, and those with hypertension. The plasma homocysteine levels were independently associated with cfPWV in the population from southern China, especially in the elderly and those with hypertension.
INTRODUCTION
Arterial stiffness is characterized by loss of elastin fibers and accumulation of stiffer collagen fibers in the media of large arteries, reflecting the result of arterial wall remodeling [1] . Generally, arterial stiffness progresses with aging and now considered as a hallmark of vascular aging [2, 3] . Patients with arterial stiffness are at high risk of cardiovascular disease and declined cognition [4, 5] . Arterial stiffness may be assessed by different methods, of which the measurement of carotid-femoral pulse wave velocity (cfPWV) is proved to be simple, validated, and reproducible. cfPWV is well recognized as a golden standard for assessing arterial stiffness [6] . Increased pulse wave velocity (PWV) has been shown to be associated with traditional cardiovascular risk factors, such as aging, hypertension, and diabetes. Furthermore, arterial stiffness progresses more rapidly with increasing numbers of traditional risk factors [7] [8] [9] .
Currently, some risk factors not traditionally recognized have also been linked to arterial stiffness [10, 11] . Homocysteine, a sulfur-containing amino acid and an intermediate product of methionine metabolism, is a nontraditional risk factor for cardiovascular disease. Deficiency of metabolic enzymes and co-factors of homocysteine, such as folic acid and vitamin B, may lead to increased homocysteine levels in humans and mice [12, 13] . In the last decades, the relationship between homocysteine levels and arterial stiffness has been repeatedly investigated; however, the results are controversial [14, 15] . This inconsistency may be due to the differences in studied populations and methods used for assessing arterial stiffness. A positive association of homocysteine with PWV has been reported in a population from Beijing in the northern part of China [16] . However, the existence of this relationship in the general population of China has not been verified.
This study aimed to investigate the relationship between plasma homocysteine levels and cfPWV in a population from southern China.
RESULTS
The clinical characteristics of all 713 patients based on the gender-specific quartile of homocysteine levels are shown in Table 1 . The mean age of patients was 59 ± 12 years, 438 (61.4%) were male, and 275 (38.6%) were female. The plasma homocysteine level ranged from 0.5 to 50 μmol/L, and the median was 11.2 μmol/L in male patients and 8.70 μmol/L in female patients. From the lowest to the highest quartile of homocysteine levels, the median and range were as follows: for male patients, the lowest quartile was 8.33 (0.72-9.35) μmol/L, second quartile 10.23 (9.36-11.11 ) μmol/L, third quartile 12.08 (11.12-13.72 ) μmol/L, and highest quartile 15.99 (13.73-50.00) μmol/L; for female patients, the lowest quartile was 6.19 (0.50-7.34) μmol/L, second quartile 8.00 (7.35-8.68 ) μmol/L, third quartile 9.61 (8.70-11.12) μmol/L, and highest quartile 13.00 (11.13-34 .71) μmol/L. Of all the patients, 489 (68.6%) were diagnosed with hypertension and 166 (23.3%) with diabetes.
The patients in a higher quartile of homocysteine levels were older. Hypertension was frequently observed and uric acid levels increased in the higher quartile. The duration of hypertension [6 (5-13) vs 1 (0-10) years], systolic blood pressure [(138.0 ± 21.4) vs (129.9 ± 16.8) mm Hg] were higher in the highest quartile than in the lowest quartile (P < 0.016). With ascending quartiles of homocysteine levels, a trend of increasing cfPWV was observed (8.73 ± 1.61, 8.88 ± 1.49, 9.33 ± 1.69, and 10.40 ± 4.82 m/s, P < 0.001). No significant betweengroup differences were found in diastolic blood pressure, fasting plasma glucose, total cholesterol, triglyceride, high-density lipoprotein cholesterol (HDL-C), lowdensity lipoprotein cholesterol (LDL-C), estimated glomerular filtration rate (eGFR), percentage of diabetes, and use of medication.
Percentages of cfPWV ≥10 m/s in different quartiles of homocysteine levels are demonstrated in Figure 1 . cfPWV ≥10 m/s was more frequently present in the higher quartile. A striking increase in the percentage of cfPWV ≥10 m/s was found from the third quartile to the highest quartile (17.2%, 18.9%, 28.7%, and 49.1%, χtrend = 54.097, P < 0.001).
When analyzed as a continuous variable, the logtransformed homocysteine level correlated with cfPWV (r = 0.275, P < 0.001) ( Table 2 and Figure 2 ), even after adjusting for age, systolic blood pressure, heart rate, Lg triglyceride, and uric acid level (β = 0.147, adjusted r = 0.175, P = 0.001). Standardized regression equation: cfPWV = -3.638 + 0.429 × Age + 0.283 × Systolic blood pressure + 0.169 × Heart rate + 0.147 × Lg homocysteine + 0.124 × Lg triglyceride + 0.041 × Uric acid; adjusted R 2 = 0.459 ( Table 3) .
Increasing odds ratios (ORs) for cfPWV ≥10 m/s were displayed from the lowest quartile to the highest quartile of homocysteine levels. The graded association remained statistically significant after adjusting for demographic data, anthropometric data, laboratory indicators, and use of medication. A nearly twofold increased risk of cfPWV ≥10 m/s was observed in the highest quartile compared with the lowest quartile (highest quartile: OR = 2.917, 95% CI: 1.635-5.202, P < 0.001) ( Table 4) .
Before further stratification, interaction analyses were performed. Age and presence of hypertension were found to significantly modify the association of the quartile of homocysteine levels with cfPWV ≥10 m/s. After gender stratification, a significant association between the quartile of homocysteine levels and cfPWV ≥10 m/s was observed in both male and female patients. This association appeared to be more prominent in male patients. After age stratification, a significant association was present only in patients older than 65 years, but not those younger than 65 years. The elderly in the highest quartile of homocysteine levels had a 6.6-fold increased risk of cfPWV ≥10 m/s compared with those in the lowest quartile (highest quartile: OR = 7.605, 95% CI: 2.684-21.550, P < 0.001). After stratification of hypertension, a significant association persisted in patients with hypertension. Patients in the highest quartile had an almost 2.3-fold increased risk of cfPWV ≥10 m/s compared with those in the lowest quartile (highest quartile: OR = 3.266, 95% CI: 1.671-6.383, P = 0.001). However, the association became weak in patients without hypertension (Figure 3 ).
DISCUSSION
In this study, the homocysteine levels were shown to be independently associated with cfPWV, the golden standard of arterial stiffness. Furthermore, this association was pronounced mainly in the elderly and patients with hypertension.
cfPWV has been recognized as an independent predictor of cardiovascular morbidity and mortality [17] . Increasing evidence indicates that cfPWV may be used as a parameter for better individualized treatment [18, 19] . Age, blood pressure, and blood pressure-related parameters are associated with PWV, as confirmed in a previous study [20, 21] . In addition, some nontraditional cardiovascular risk factors, such as uric acid levels, albuminuria, and homocysteine levels, have also been reported to contribute to increased PWV [11, 22] .
In the last decades, homocysteine was found to be associated with PWV in western populations [14] . Recently, the association was also shown in a population from Beijing in the northern part of China [23] . However, PWV and homocysteine levels were known to vary with ethnicity and lifestyle [24] [25] [26] . Dietary profile and habit in southern Chinese are different from those in northern Chinese. Generally, the dietary folic acid level is higher in southern Chinese than in northern Chinese [27] Therefore, it may be speculated that homocysteine levels are lower in southern Chinese, as verified in the present study. The median of plasma homocysteine levels was 11.2 μmol/L in male patients and 8.70 μmol/L in female patients, which was lower than that in the population from Beijing [16] . However, for these lower levels of plasma homocysteine, the relationship between homocysteine levels and PWV remained unchanged. Increased homocysteine level, termed hyperhomocysteinemia, is defined as plasma homo-cysteine levels greater than 15 μmol/L [28] . As a matter of fact, when plasma homocysteine levels are higher than 10 μmol/L, a dose-response relationship exists between homocysteine levels and cardiovascular disease [29] . Also, a 1.6-fold increase in the risk of cardiovascular disease has been reported for every 5 μmol/L increment of the plasma homocysteine level [30, 31] . The present study identified a positive association between homocysteine levels and cfPWV, and a marked increase in the percentage of cfPWV ≥10 m/s was observed at the homocysteine level of around 12 μmo/L in male patients and 9.5 μmo/L in female patients. This level was below the threshold of hyperhomocysteinemia. In this study, patients in the higher quartile of homocysteine levels were found to have more concomitant risk factors for cardiovascular disease. However, after adjusting for these traditional cardiovascular risk factors, the association remained unchanged. Hence, it was suggested that the association of plasma homocysteine levels with arterial stiffness was independent.
Previous studies examined the relationship between plasma homocysteine levels and cardiovascular disease. However, the conclusions remain controversial. Bortolotto et al. reported that cfPWV was higher in patients with higher homocysteine levels [32] . In contrast, Nakhai-Pour et al. found no independent association of homocysteine levels with PWV [14] . Even in two samples from the Framingham Heart Study, Levy et al. and Lieb et al. drew different conclusions about the relationship between these two parameters [33, 34] . This inconsistency might be due to the different characteristics of studied patients. The present study showed a positive association of plasma homocysteine levels with cfPWV only in patients older than 65 years and those with hypertension, which was consistent with some previous studies reporting a positive association only among patients with greater risks of cardiovascular disease, such as hypertension, diabetes, or chronic kidney disease, or elderly patients [35] [36] [37] [38] . However, the mechanism underlying the interaction between homocysteine levels and other cardiovascular risk factors has not been fully clarified. Nevertheless, all these cardiovascular risk factors, including age, may lead to endothelial dysfunction, and the damage may make the arterial wall more susceptible to the deleterious effect of homocysteine [39, 40] . This may explain a positive association of plasma homocysteine levels with cfPWV only in patients older than 65 years and those with hypertension.
Although the positive association of plasma homocysteine levels with arterial stiffness was revealed, available evidence regarding the benefit of homocysteine-lowering therapies, such as supplementation of folic acid or vitamin B12, is inconsistent. The B-Vitamins for the Prevention of Osteoporotic Fractures study demonstrated that a 2-year supplementation of vitamin B12 and folic acid in elderly patients with hyperhomocysteinemia had no significant benefit on arterial stiffness [41] . In contrast, a Chinese study found that the combined use of folic acid and antihypertensive agents, compared with antihypertensive agents alone, might significantly reduce the risk of first stroke in patients with hypertension [42] . The benefit of homocysteine-lowering therapies against cardiovascular disease needs to be confirmed. The present study did not involve the use of homocysteinelowering therapy; however, arterial stiffening was known to have very limited reversibility. Therefore, it is not surprising that short-term homocysteine-lowering therapies yielded null results in the elderly. The greatest benefit of homocysteine-lowering therapies can be achieved in patients with no sign of arterial stiffness, but with multiple concomitant cardiovascular risk factors.
A wide age range and a higher proportion of hypertension were unique aspects of this study, facilitating the stratified analysis. However, several potential concerns and limitations are worth mentioning. First, the sample size was relatively small. Second, no causal relationship could be determined because of the cross-sectional design of the study. Third, the population comprised inpatients, not community-based residents, thus decreasing the generalizability of the results. Finally, all patients were from Fujian province, and hence the conclusions drawn from this study could not be generalized to other populations. A prospective, long-term interventional study is needed to investigate the preventive effect of homocysteine-lowering therapy on the progression of arterial stiffness.
In conclusion, an independent relationship existed between homocysteine levels and cfPWV. The association was more pronounced in patients older than 65 years and those with hypertension. This study provided evidence for the association of plasma homocysteine levels with arterial stiffness in a population from southern China.
MATERIALS AND METHODS

Patients
This was a single-center, cross-sectional, observational study.
Ethics statement
The procedures were in accordance with the Helsinki Declaration, and the protocol was approved by the Ethical Committee of the First Affiliated Hospital of Fujian Medical University. Informed consent was obtained from all patients.
A specific protocol was established before data collection, and trained physicians were responsible for the procedure. Patients were recruited from the inpatients consecutively admitted to the general medicine department of the First Affiliated Hospital of Fujian Medical University from February 1, 2016, to August 31, 2017. The reason for admission was to evaluate the patients as follows: routine health examination, or screening of hypertension-related or diabetes-related target organ damage, or treatment of coronary heart disease, peptic ulcer, Alzheimer disease, renal cyst, and so on. A total of 837 patients were included, of whom, 124 patients were excluded due to myocardial diseases, valvular heart disease, atrial fibrillation, serious arrhythmias, a history of acute myocardial infarction, stroke within the last 6 months, peripheral artery diseases, carotid artery occlusion or carotid sinus syndrome, serum creatinine (Scr) >2.5 mg/dL, chronic liver failure, autoimmune diseases, active malignancy, acute infection diseases, connective tissue diseases, use of folic acid and vitamin B, or pregnancy. Finally, 713 patients were enrolled in this study.
Clinical data
As described in a previous study, all patients were interviewed on admission to the hospital, and information was collected regarding age, gender, cigarette smoking and drinking habits, family history, medical history of hypertension and diabetes, use of medications, and so on [43] . Current smoking was defined as consuming at least one cigarette per day for at least 6 months. According to the European Society of Cardiology (ESC)/European Society of Hypertension (ESH) guidelines for managing arterial hypertension, hypertension was defined as systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg and/or taking antihypertensive medications [44] . Diabetes was defined as taking antihyperglycemic medications or establishing a new diagnosis of diabetes. The diagnosis of diabetes was based on the criteria recommended by the Chinese Diabetes Society in 2017 [45] .
Height and body weight were recorded for patients in light clothes and without shoes. Height was recorded to the nearest 0.5 cm and body weight to 0.1 kg. Body mass index was calculated using the following formula: body mass index = body weight (kg)/height 2 (m 2 ). After patients rested for at least 5 min in the sitting position, the heart rate was taken and the blood pressure was measured using an automated sphygmomanometer (HBP-1300, Omron, Kyoto, Japan). The mean of three measurements was used for the subsequent analysis.
The venous blood sample was obtained after overnight fasting. Plasma homocysteine levels were estimated by chemiluminescence microparticle immunoassay according to the manufacturer's protocol (Abbott GmbH & Co.KG, Wiesbaden-Delkenheim, Germany). The intravariable coefficient was 3%, and the inter-variable coefficient was 5%. The patients were divided into four groups based on the gender-specific quartile of homocysteine levels. The levels of fasting plasma glucose, serum creatinine (Scr), total cholesterol, HDL-C, LDL-C, and uric acid were determined using an autoanalyzer (ADVIA 2400, Siemens, Germany [6, 21] . Briefly, smoking, caffeine, and alcohol intake were prohibited 12 h before the measurement. The patients were asked to lie down in a supine position in a quiet room with a stable room temperature. Measurements were performed by a well-trained and experienced technician. The direct straight distance between the right common carotid artery and the right common femoral artery was measured using a tape, and the tape-measured distance multiplied by 0.8 was used as the pulse wave traveled distance. Then, two TY-360 pressure-sensitive transducers (Fukuda Denshi Co, Tokyo, Japan) were positioned at these two measurement sites, and two different pulse waves were obtained. This performance was repeated for at least 10 cardiac cycles. cfPWV was calculated according to the following formula: cfPWV (m/s) = carotid-femoral pulse wave travel distance (m)/travel time (s). The mean value of the two measurements was taken. If the difference between the two measurements was greater than 0.5 m/s, a third measurement was performed, and the median value of the three measurements was taken. Further, ≥10 m/s was used as the cutoff value of increased cfPWV.
Statistical analysis
Continuous variables were expressed as mean ± standard deviation or median, and categorical variables were presented as absolute numbers or percentages. Homocysteine and triglyceride levels were logarithmically (log) transformed for further analysis because of skewed distribution. Variables were compared by one-way analysis of variance or chi-square test. The correlation between variables was assessed by Pearson's correlation analysis and stepwise multivariate linear regression. Multivariate logistic regression was performed to identify the association of the quartile of homocysteine levels with cfPWV ≥10 m/s, and the corresponding OR was calculated for increased cfPWV. Statistical significance was accepted at P < 0.05 for individual data. For multiple comparisons, the threshold levels of significance were adjusted by simple Bonferroni's correction. All the statistical analyses were performed using SPSS statistical software, version 19.0 (IL, USA).
